SUMMARY -The karyotype of Carollia perspicillata (2n = 20/XX and 2n = 21XY1 Y2 was analyzed by C-banding and staining with fluorochromes. Cbanding revealed heterochromatin blocks in the pericentromeric regions of all chromosomes, in the telomeric regions of the short arms of chromosomes 2, 3, 5, X, and in the interstitial region of the short arm of chromosome 1. The Y 1 chromosome showed a small block in the pericentromeric region and Y2 was found to be almost completely heterochromatic. Slides treated for C-banding and stained with DAPI/DA or DAPI/AMD (CB-DAPI) showed a heterochromatin block pattern similar to that obtained by C-banding. Triple staining with CMA3/DA/DAPI revealed CMA3-positive blocks in the pericentromeric regions of chromosomes 1, 2, 3, 4 and 5, and DAPI-positive blocks in the interstitial region of the short arm of chromosome 1 and in the telomeric regions of the short arms of chromosomes 2, 3 and 5. Triple staining also showed Rand G-banding patterns rich in GC and AT base pairs, respectively. The nucleolar or.ganizer region on the long arm of the X chromosome was CMA 3 neutral and DAPI negative.
INTRODUCTION
Carollia perspicillata has one of the smallest chromosome numbers reported for bats (HSU etal. 1968; YONENAGA etal. 1969) . C-and C-banding patterns (PATHAK et at. 1973) , localization of the nucleolar organizer regions (NOR) (COODPASTURE and BLOOM 1975) , in situ hybridization (HSU et al. 1975) as well as the intrachromosomal distribution of repetitive telomere sequences (TTACCC)n (MEYNE et at. 1991) have been described for this species. Cbanding is one of the major techniques used to identify constitutive heterochromatin in chromosomes (SUMNER 1972) . Other methods, including staining with different fluorochromes, have been used to determine the hetero geneity of constitutive heterochromatin. Fluorochromes such as 4 '-6-diamidino-2-phenylindole (DAPI) and chromomycin A 3 (CMA 3 ) permit the detection of chromosome regions rich in A T and CC base pairs, respectively, thus providing information about the distribution of these sequences within the genome. Furthermore, CMA 3 can induce R-banding patterns which can be significantly enhanced by simultaneous counter staining with an A T -specific dye (SCHWEIZER 1980) . In higher vertebrates, particularly in mammals, G-and R-bands apparent ly consist of regions of different base composition. R-positive or G-negative bands are rich in GC, and R-negative or Gpositive bands are rich in AT. Several investigators have used specific fluorochromes and counterstains to enhance or induce different banding patterns in humans (SCHWEIZER 1980 ), rodents (BURGOS et at. 1990 ), pigs (SCHNEDL et al. 1981 , fish (AMEMIYA and GOLD 1986 ), primates (SCHMID et at. 1986 ), birds (MAYR et at. 1990 and amphibians (HERRERO et al. 1992) . For Chiroptera, data on the use of fluorochromes in chromosome analysis are scarce. Vespertilionidae represent the only family studied by this approach (BICKHAM 1987; RuEDAs et al. 1990) . In the present study we have analyzed the karyotype of c. perspicillata using the C-banding technique followed by Giemsa staining (CBG), C-banding plus CMA 3 /distamycin A (CB-CMA 3 ) and C-banding plus DAPI/DA or DAPI/actinomycin D (CB-DAPI), and triple staining with CMA 3 /DA/DAPI for the characterization of constitutive heterochromatin. Additionally, silver staining was performed to detect NORs.
MATERIALS AND METHODS
Eight Carollia perspicillata specimens (4 females and 4 males) captured in Igara<;:u, Pernambuco State, Northeast Brazil, were analyzed. Cytological preparations were obtained from bone marrow and fibroblast culture. Bone marrow cells were submitted to hypotonic treatment with 0.075 M KCl for 12 min. at 37°C and fixed in 3:1 methanol-acetic acid according to the technique of FORD and HAMERTON (1956) , with small modifications, and slides were then prepared and air dried. Fibroblasts were obtained from an ear fragment cultured in Dulbecco's Modified Eagle Medium (DMEM) supplemented with 20% fetal calf serum. C-banding was performed according to the method of SUMNER (1972) and silver nitrate staining according to HOWELL and BLACK (1980) . Triple staining with chromomycin A 3 /distamycin A/DAPI (CMA 3 /DA/DAPI) was performed according to SCHWEIZER (1980) , with small modifications. The slides were stained with chromomycin A 3 (0.5 mg/ml in McIlvaine buffer, pH 7.0, containing 10 nM MgCL 2 ) for 60 min, washed with distilled water, stained with distamycin A (0.1 mg/ml) for 30 min, again washed and finally stained with DAPI (0.5 ìg/ml) for 30 min. The slides were then washed with distilled water, mounted with a 1: 1 mixture of glycerol and McIlvaine buffer, pH 7.0, and kept in the dark for at least 3 days. Some of the slides treated for C-banding were stained with CMA 3 /DA and DAPI/DA or DAPI/ actinomycin D. Fluorescence photo micrographs were taken with the aid of a Leitz Orthoplan microscope using Kodak T -MAX 400 film with an exposure time ranging from 30-45 s for CMA 3 or 5 s for DAPI. Copies were taken using Kodak Kodabrome Print F3 paper.
RESULTS
The karyotype of Carotlia perspicitlata was 2n = 20/XX for females and 2n = 21/XY 1 Y 2 for males, with a multiple mechanism of sex determination. The results obtained for this species by C-banding (CBG) and silver staining confirmed the pattern reported by others (PATHAK et at. 1973; STOCK 1975; GOODPASTURE and BLOOM 1975) . C-banding revealed blocks of heterochromatin in the pericentromeric regions of all chromosomes, in the telomeric region of the short arms of chromosomes 2, 3, 5, X, and in the interstitial region of the short arm of chromosome 1. The Y 1 chromosome showed a small block in the pericentromeric region and Y 2 was found to be almost completely heterochromatic (Fig. 1A) . The material treated for Cbanding and stained with DAPI/DA or DAPI/AMD (CB-DAPI) showed a pattern similar to that obtained by CBG, with the bands being located in the pericentromeric regions of all chromosomes, in the telomeric regions of the short arms of pairs 2, 3, 5, X, and in the interstitial region of the short arm of chromosome 1. The Y I chromosome presented a small fluorescent band in the pericentromeric region and Y 2 was found to be almost completely fluorescent (Fig.  1B) . A careful analysis of this staining revealed a decrease in fluorescence intensity in the pericentromeric regions of chromosomes 1, 2, 3 and X. DAPI/DA staining without pretreatment for C-banding revealed positive blocks in the interstitial region of the short arm of chromosome 1 and in the telomeric regions of the short arms of chromosomes 2, 3 and 5 (Fig. 1C ). This staining also showed a G-banding pattern which was not observed after treatment for C-banding with DAPI staining (CB-DAPI). When the chromo somes were stained with CMA 3 /DA or treated for C-banding and stained with CMA 3 /DA (CB-CMA 3 ), they presented CMA 3 -positive blocks in the pericentromeric regions of pairs 1, 2, 3, 4 and 5, and an R-banding pattern similar to that observed with triple staining. Triple staining with chromomycin A 3 /distamycin A/DAPI (CMA 3 /DA/ DAPI) was also used to characterize the constitutive heterochromatin of c. perspicitlata (Fig. 2) . CMA 3 -positive bands were restricted to the pericentromeric regions of pairs 1, 2, 3, 4 and 5. In some metaphases, DAPI-positive blocks were detected in the interstitial region of the short arm of chromosome 1 and in the telomeric region of the short arms of chromosomes 2, 3, and 5. In addition, R-and Gbanding patterns were observed. Differential staining of the constitutive heterochromatin of the X chromosome was only observed by C-banding with Giemsa or CB-DAPI. The NOR located in an interstitial position on the long arm of the X chromosome (Fig. 1D ) was neutral for CMA 3 and negative for DAPI/DA staining. Figure 3 shows the results for chromosomes 1,2, 3 and X of c. perspicitlata obtained with different staining methods . (Table 1) . Pretreatment of the c. perspicillata chromosomes for C-banding followed by DAPI/DA or DAPI/AMD staining (CB-DAPI) revealed a pattern of heterochromatin blocks similar to that ob- tained by C-banding with Giemsa. However, the pericentromeric bands of pairs 1, 2, 3 and X stained less intensely than those obtained by conventional C-banding (CBG). Studies on the heterochromatin of bats have mainly been performed by C-banding (STOCK 1975; SOUZA and ARAUJO 1990; MORIELLE-VERSUTE et al. 1996) . Fluorochromes, which permit the qualitative characterization of heterochromatic regions, have only been used in a few species of the family Verspertilionidae, e.g., Lasiurus intermedium (BICKHAM 1987) , Scotophitus dinganii and S. viridis (RUEDAS et al. 1990 ). Fluorescent bands occur in both euchromatin (R-and G-bands) and heterochromatin (CB-CMA 3 and CB-DAPI). Treatment for C-banding fol lowed by staining with fluorochromes (CMA 3 /DA, DAPI/DA, DAPI/AMD) has been used for different species. In humans, for example, the pericentromeric regions of all chromosomes and the distal portion of the y chromosome have been found to be fluorescent with CB-DAPI staining. Additionally, the heterochromatic blocks of chromosomes 1, 9, 15, 16 and y showed an increase in fluorescence intensity (BELLA and GONSALVEZ 1994) . In Pongo pygmaeus, sequential DA/DAPI analysis and C-banding showed that DA/DAPI-positive hot spots coincide with those obtained by C-banding with Giemsa, but not all C-bands were DA/DAPI positive (SCHWEIZER et al. 1979) . Triple staining with CMA 3 /DA/DAPI in c. perspicillata chromosomes revealed CMA 3 -positive bands in the pericentromeric regions of pairs 1,2, 3, 4 and 5 which were highly negative for DAPI .
Bird and mammalian chromosomes stained with CMA 3 or mitramycin present banding patterns in heterochromatic regions and also R-banding pat terns (SCHMID et al. 1986; MAYR et at. , 1990 AUER et al. 1987; SCHMID and GVTTENBACH 1988) . In contrast, euchromatic chromosome segments from several reptile, amphibian and fish species did not show R-banding patterns after treatment with distamycin A/mitramycin, which may be the consequence of the absence of long homogenous regions ( isochores) in the DNA of these vertebrates (SCHMID and GUTTENBACH 1988) . The separate use of CMA 3 and DAPI in c. perspicillata, besides characterizing heterochromatic bands, also induced R-and G-banding patterns throughout the chromatin. However, when the chromosome preparations were treated for C-banding followed by staining with the fluorochromes CMA 3 and DAPI, a different behavior was observed. Only CB-CMA 3 staining showed both the heterochromatin banding pattern (brilliant pericentromeric blocks in pairs 1, 2, 3, 4 and 5) and the pattern of R-bands. No G-banding pattern was observed upon CB-DAPI staining. The same type of behavior has also been reported for human chromosomes (BELLA and GONSALVEZ 1994) , suggesting a probable differential loss of euchromatic DNA AT -rich (Gbands) but not in GC-rich regions (R-bands). Plants (GREILHVMBER 1995 ), grasshoppers (GONSALVEZ et at. 1988 and various amphibian and fish species (SCHMID 1982; AMEMIYA and GOLD 1986) are organisms in which G-, Q-or R-banding patterns do not exist or are not easily produced. However, both heterochromatic bands and NORs stain differentially wiht GC-specific fluorochromes in these organisms. In birds, but not in mammals, NORs are also positive for these fluorochromes (AUER etal. 1987; MAYR et al. 1989) . The lack of NOR staining observed in mammals has been attributed to the low level of redundancy of GC-rich sequences in the genomic ribosomal DNA of these species (SCHMID and GUTTENBACH 1988) . The nucleolar organizer region of c. perspicillata located on the X chromosome was neutral for CMA 3 , in contrast to what was observed in the family Cervidae. In this group, 4 species (Cervus elaphus, Dama dama, Capreolus capreolus and Muntiacus muntjak) showed NORs intensely labeled with CMA 3 , confirming that the rDNA present in these regions is GC-rich UEDA et at. 1987) . However, in C. perspicillata, this region was found to be negative for DAPI/DA, suggesting an elevated concentration of GC pairs which may be distributed in a way that is less accessible to CMA 3 . Variations in the quantity of heterochromatin have been observed in different groups of organisms, which in part may be due to the gain or loss of this type of material through chromosome re arrangements which have occurred during evolution. On the other hand, these changes may also be of a qualitative nature (BURGOS et at. 1990; MAYR et al. 1985) , as shown by the different responses obtained with the use of different combinations of base-specific fluorochromes for heterochromatin staining.
In the genus Carollia, C-banding patterns have been reported for three species (STOCK 1975) . C. perspicillata and c. brevicauda have closely similar patterns, whereas C. castanea presents a different pattern. Our results obtained with the use of the fluorochromes CMA 3 and DAPI suggest that in C. perspicitlata a qualitative difference may have occurred in the heterochromatin. The use of these fluorochromes for chromosome analysis of the other Carollia species may permit a better characterization of the changes that have occurred in the heterochromatin of this genus during evolution.
